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ABSTRACT : PROBLEM TO BE SOLVED: To exactly move a table vertically or on a two-dimensional 
plane by driving a vertical displacement element or a plurality of displacement elements 
between a main table W and a table. 

SOLUTION: The movement of a main table 5 in X-axis direction and Y-axis direction is 
done by impressing drive voltage to piezoelectric actuators 8 and 9 extending them, 
respectively. Table 7 also moves in X and Y axis directions linking the movement of the 
table 5 in X-axis and Y-axis directions. In this case, the stiffness of rod shape members 2 
and 4 constituted of 4 spring members becomes 4 times larger than the case constituted 
of a single spring member and so a table mechanism having large stiffness in X and Y 
axis directions and large displacement can be realized. For moving the table 7 in Z-axis 
direction, a drive voltage is impressed to the piezoelectric actuator 6 connecting the table 
5 and the table 7 to extend and by this, the table 7 is displaced in Z-axis direction of the 
main table 5. 
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Translation of JP 11-094968 
CLAIMS 



[Claim(s)] 

[Claim 1] Standing ways and the subtable connected through the 1st elastic member which 
consists of two or more elastic bodies to these standing ways, The main table connected through 
the 2nd elastic member which consists of two or more elastic bodies to this subtable, The table 
connected through the perpendicular displacement component which can be displaced 
perpendicularly to this main table, The table device characterized by providing two or more 
displacement components which move said table which the other end contacted said main table 
and connected through this main table and said perpendicular displacement component while the 
end was fixed to said standing ways in each direction of a two-dimensional flat surface. 
[Claim 2] The subtable which has opening in the center connected in the center in said standing- 
ways upper part through the 1st cylindrical spring member of the composite construction set up 
from the periphery of the standing ways which have opening, and these standing ways, The main 
table connected by part for opening of said standing ways through the 2nd cylindrical spring 
member of the composite construction which hung from the periphery of this subtable, The table 
connected by part for opening of said subtable through the perpendicular displacement 
component which can be displaced to perpendicularly it set up from this main table, The main 
table on which the other end exists in a part for said opening while an end is fixed to said 
standing ways is contacted. The table device characterized by providing two or more 
displacement components which move said table which exists in a part for opening of the 
subtable connected through this main table and said perpendicular displacement component in 
each direction of a two-dimensional flat surface. 

[Claim 3] said 1st and 2nd cylindrical spring members — two or more cylindrical springs — one 
spring member — constituting — **** — the center position of the each aforementioned main 
table and said subtable to the equal distance — and the table device according to claim 2 
characterized by being arranged in the regular-intervals location. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to the table device applied to a scan mold probe 
microscope, a scanning laser microscope, etc. more in detail about a table device. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the table device applied to a scan mold probe 

microscope, a scanning laser microscope, etc. more in detail about a table device. 

[0002] 

[Description of the Prior Art] For example, the table device in which it is used for a scan mold 
probe microscope, a scanning laser microscope, etc. is equipped with the function (function 
which will carry out a variation rate if it puts in another way) which scans the sample laid 
through the sample base, the probe laid through the electrode holder. 
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[0003] In such a table device, the electrostrictive actuator constituted, for example in cylindrical, 
the try pod which three laminating mold electrostrictive actuators were made to intersect 
perpendicularly mutually, and connected them are known as a means to realize a three 
dimensions scan function. 
[0004] 

[Problem(s) to be Solved by the Invention] In a cylindrical electrostrictive actuator, it is difficult 
for the variation rate of the direction (direction expanded and contracted) of z to follow to the 
variation rate of x directions and the direction (straight direction) of y, and to produce the 
variation rate of x pure directions and the direction of y, in order to depend for the displacement 
generating on a curve and telescopic motion of a cylindrical shape-like piezo electric crystal. 
This inclination becomes still more remarkable, so that it is going to take at least large one of x 
directions and the direction of y. 

[0005] On the other hand, since three laminating mold electrostrictive actuators were made to 
intersect perpendicularly in x, y, and the direction of z mutually in the case of the try pod 
mentioned above and it has connected When any one laminating mold electrostrictive actuator is 
made to expand and contract, each of other two laminating mold electrostrictive actuators 
interfere in the movement toward telescopic motion of said one laminating mold electrostrictive 
actuator respectively. The displacement component of other laminating mold electrostrictive 
actuators will follow on the variation rate of each laminating mold electrostrictive actuator too. 
[0006] Thus, neither in a cylindrical electrostrictive actuator nor a try pod, the exact variation 
rate of a specific one direction can be obtained easily. In order to obtain the variation rate of a 
specific one direction correctly, in the control system of each electrostrictive actuator, in addition 
to the control about the direction, the control which compensates the gap generated in other 
directions is needed, and remarkable difficulty arises in respect of control of an electrostrictive 
actuator. 

[0007] Here, there is a table device shown in drawing 6 as a table device for solving these 
problems. The subtable 53 which connected this table device through the 1st cylindrical spring 
member 52 of a single configuration to standing ways 51 and these standing ways 51, While an 
end is fixed to the main table 55 connected through the 2nd elastic member 54 of a single 
configuration to this subtable 53, and said standing ways 51 The other end contacts said main 
table 55, and possesses two or more electrostrictive actuators 56 which move this main table 55 
in each direction of a two-dimensional flat surface, and the electrostrictive actuator 57 which 
moves the main table 55 perpendicularly. 

[0008] However, when it is going to obtain a horizontal big variation rate by two-dimensional in 
the main table 55 in the case of the table device shown in this drawing 6 , since the 1st 
cylindrical spring member 52 is what consists of a cylindrical spring of a single configuration, 
that rigidity will become small. For this reason, the resonance point at the time of migration of 
the main table 55 becomes low, and a technical problem remains in respect of high-speed 
operation or control. That is, as a table device, a big variation rate and high-speed operation are 
demanded, and the high thing of said resonance point is desirable. 

[0009] Then, this invention aims at being able to realize an exact large variation rate and space- 
saving-ization offering a possible table device about a variation rate, in the two-dimensional 
direction of a table. 
[0010] 

[Means for Solving the Problem] The subtable connected through the 1st elastic member which 
the table device concerning invention according to claim 1 becomes from two or more elastic 
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bodies to standing ways and these standing ways, The main table connected through the 2nd 
elastic member which consists of two or more elastic bodies to this subtable, The table connected 
through the perpendicular displacement component which can be displaced perpendicularly to 
this main table, While an end is fixed to said standing ways, the other end contacts said main 
table and is characterized by providing two or more displacement components which move said 
table connected through this main table and said perpendicular displacement component in each 
direction of a two-dimensional flat surface. 

[001 1] According to this invention, when moving a table perpendicularly, only this table can be 
perpendicularly moved correctly by driving the perpendicular displacement component 
connected between said main table and this table. Moreover, when said perpendicular direction 
moves a table in each direction of the two-dimensional flat surface of the direction which 
intersects perpendicularly, said two or more displacement components are driven respectively, 
and a table is moved in each direction of a two-dimensional flat surface with said main table. 
[0012] In this case, although bending displacement arises respectively in said 1st and 2nd elastic 
member at the time of migration in each direction of the two-dimensional flat surface of the main 
table Since the 1st and 2nd elastic member consists of two or more elastic bodies respectively, 
high rigidity can be demonstrated on the occasion of migration in each direction of the two- 
dimensional flat surface of the main table, and, thereby, the exact large and variation rate to each 
direction of the two-dimensional flat surface of the table interlocked with the main table can be 
obtained. 

[0013] The standing ways where the table device concerning invention according to claim 2 has 
opening in the center, The subtable which has opening in the center connected in said standing- 
ways upper part through the 1st cylindrical spring member of the composite construction set up 
from the periphery of these standing ways, The main table connected by part for opening of said 
standing ways through the 2nd cylindrical spring member of the composite construction which 
hung from the periphery of this subtable, The table connected by part for opening of said 
subtable through the perpendicular displacement component which can be displaced to 
perpendicularly it set up from this main table, The main table on which the other end exists in a 
part for said opening while an end is fixed to said standing ways is contacted. It is characterized 
by providing two or more displacement components which move said table which exists in a part 
for opening of the subtable connected through this main table and said perpendicular 
displacement component in each direction of a two-dimensional flat surface. 
[0014] According to this invention, said standing ways and the main table in the lower berth Said 
subtable, A table consists of structure which planned the ** sault pace of 2 stories located in the 
upper stage. The radical of the same principle of operation as the case of invention according to 
claim 1 can be made to be able to move only a table perpendicularly correctly by said 
perpendicular displacement component, or said two or more displacement components can be 
respectively driven on it, and it can be made to move a table in each direction of a two- 
dimensional flat surface with said main table. In this case, although bending displacement arises 
respectively in the said 1 st and 2nd cylindrical spring member at the time of migration in each 
direction of the two-dimensional flat surface of the main table Since the 1st and 2nd cylindrical 
spring member is a composite construction respectively, it can demonstrate high rigidity on the 
occasion of migration in each direction of the two-dimensional flat surface of the main table, 
and, thereby, can obtain the exact large and variation rate to each direction of the two- 
dimensional flat surface of the table interlocked with the main table. 

[0015] said 1st and 2nd cylindrical spring members [ in / in the table device concerning invention 
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according to claim 3 / a table device according to claim 2 ] - two or more cylindrical springs - 
one spring member - constituting — **** - the center position of the each aforementioned main 
table and said subtable to the equal distance - and it is characterized by being arranged in the 
regular-intervals location. 

[0016] According to this invention, since one spring member is constituted from two or more 
cylindrical springs, said 1st and 2nd cylindrical spring members are bent, and its rigidity over a 
variation rate is large, and they can obtain the exact large and variation rate to each direction of 
the two-dimensional flat surface of the table interlocked with a main table and this main table by 
this, moreover, said 1st and 2nd cylindrical spring members - the center position of the each 
aforementioned main table and said subtable to the equal distance — and it can be made to move, 
since it is arranged in the regular-intervals location, without making said main table and table 
incline in each direction of a two-dimensional flat surface 
[0017] 

[Embodiment of the Invention] Below, the gestalt of operation of the stage device of this 
invention is explained at a detail. Drawing 1 is [ the top view of the table device of the gestalt of 
this operation and drawing 3 of the perspective view of the table device of the gestalt of this 
operation and drawing 2 ] the A-A line sectional views of drawing 2 . 

[0018] The standing ways 1 where the table device of the gestalt of this operation has square-like 
opening in the center as shown in drawing 1 thru/or drawing 3 , The 1st cylindrical spring 
member 2 of a total of four composite constructions (for example, structure which carried out the 
parallel arrangement of the two cylindrical springs) set up from the near location of the four 
corners of opening of these standing ways 1, The subtable 3 which has opening of a square 
configuration in the center connected through this 1st cylindrical spring member 2 in the upper 
part of said standing ways 1, from the inferior surface of tongue of the periphery of the opening 
outside of this subtable 3 - since — with the 2nd cylindrical spring member 4 of a total of four 
composite constructions (for example, structure which carried out the parallel arrangement of the 
two cylindrical springs) which hung respectively The main table 5 of the square configuration 
which connected four corners in a part for opening of said standing ways 1 through this 2nd 
cylindrical spring member 4, The table 7 of the square configuration which connected four 
corners by part for opening of said subtable 3 through the electrostrictive actuator 6 which is the 
perpendicular displacement component which can be displaced to perpendicularly [ a total of 
four ] (the direction of z shown in drawing 1 ) it set up from this main table 5 (z table), The side 
face of the main table 5 in which the other end exists in said opening part while an end is fixed to 
the side face of opening of said standing ways 1 is contacted. The electrostrictive actuators 8 and 
9 which are two or more displacement components which move respectively said table 7 which 
exists in a part for opening of said subtable 3 connected through this main table 5 and said 
electrostrictive actuator 6 in each direction of a two-dimensional flat surface (x, the direction of y 
which are shown in drawing 1 ) are provided. 

[0019] The whole containing opening of said subtable 3 and said said main table 5 and 7 consist 
of a square-like plate respectively, and are formed in an analog, respectively, and are arranged in 
the said alignment about the core of standing ways 1. While the four 1st cylindrical spring 
member 2 which connects said standing ways 1 and the subtable 3 is set up perpendicularly [ an 
end ] from the top face of standing ways 1 respectively, the other end is respectively connected 
with the inferior surface of tongue of the subtable 3. moreover, every - the 1st cylindrical spring 
member 2 is connected with four corners of the subtable 3 by the equal distance and arrangement 
at equal intervals from the center position of said subtable 3. 
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[0020] Furthermore, said four 2nd cylindrical spring member 4 is set up from four corners of this 
main table 5 by the equal distance and arrangement at equal intervals from the center position of 
the main table 5, and serves as vertical disposition to the inferior surface of tongue of the 
subtable 3, and the top face of the main table 5, respectively. 

[0021] By the way, said 1st cylindrical spring member 2 and the 2nd cylindrical spring member 
4 have the structure of consisting of the same ingredient and the same configuration respectively, 
and having the same elastic modulus so that it may explain in full detail behind. 
[0022] Here, said electrostrictive actuator 8 and said electrostrictive actuator 9 are explained. 
Said electrostrictive actuator 8 contacts the side face in which it is fixed to a part for opening to 
which an end meets yz side of standing ways 1 , and the other end meets yz side of the main table 
5, and is moved in the direction of a x axis which expands and contracts by impression of driver 
voltage and shows the main table 5 to drawing 1 . 

[0023] Moreover, said electrostrictive actuator 9 contacts the side face in which it is fixed to a 
part for opening to which an end meets xz side of standing ways 1 , and the other end meets xz 
side of the main table 5, and is moved in the direction of the y-axis which expands and contracts 
by impression of driver voltage and shows the main table 5 to drawing 1 . 
[0024] moreover, perpendicularly (the direction of the z-axis) the top face of said main table 5 
and the inferior surface of tongue of a table 7 are connected - four electrostrictive actuators 6 for 
variation rates are arranged by the equal distance and arrangement at equal intervals from the 
center position of the each table 7 in four corners of a table 7. By impressing driver voltage to 
this electrostrictive actuator 6, said table 7 is moved in the direction of the z-axis. 
[0025] Next, an operation of the table device which consists of a configuration mentioned above 
is explained also with reference to drawing 4 and drawing 5 . First, about the variation rate of a 
cylindrical spring member, and rigid relation, it refers to drawing 3 and drawing 4 , and they are 
described. Maximum stress sigmamax which starts this cylindrical spring member 54 when an 
end is fixed, the cylindrical spring member 54 of the same thickness t as the conventional 
example and die-length 1 is bent and the variation rate only of the dimension X is carried out 
according to the displacement force F, as shown in drawing 4 It is expressed with the one 
following. 
[0026] 
[Equation 1] 
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[0027] In order for the cylindrical spring member 54 not to exceed the elastic field of the quality 
of the material, it is sigmamax of several 1 . It is necessary to be below proof stress sigmaps 
defined on strength of materials. Therefore, the maximum serious grade xmax for the cylindrical 
spring member 54 not to exceed an elastic field It becomes the two following. 
[0028] 
[Equation 2] 
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[0029] Moreover, rigid F/x of the cylindrical spring member 54 is expressed with the three 

following. 

[0030] 

[Equation 3] 

Et* 



F/x = 
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[0031] As for spring rigidity, several 3 formula shows that thickness t becomes high, so that die- 
length 1 is greatly small On the other hand, it turns out that it becomes small [ a variation rate ] 
from several 2 formula. Thus, a variation rate and rigidity have the relation of repulsion. 
However, when high-speed operation is required securing a big variation rate, it is necessary to 
make rigidity of the cylindrical spring member 54 high. 

[0032] The spring member of drawing 5 (a) is quadrisected there, as shown in drawing 5 (b), and 
the 1st cylindrical spring member 2 like the gestalt of this operation or the 2nd cylindrical spring 
member 4 consists of four springs members, also including the depth direction. Thus, by 
constituting, it becomes possible to enlarge a variation rate, without seldom lowering rigid F/x. If 
the number of the spring member in the 1st cylindrical spring member 2 or the 2nd cylindrical 
spring member 4 is increased, rigidity can be raised further, without reducing a variation rate. 
Each rigidity corresponding to each configuration of three sorts of cylindrical spring members 
and the relation of a variation rate (max variation rate) are shown in drawing 5 (a), (b), and (c). 
[0033] The principle to which said table 7 of the gestalt of this operation is moved using the 
cylindrical spring member shown in above-mentioned drawing 5 (b) is as follows. Migration of 
the direction of a x axis of said main table 5 and the direction of the y-axis impresses driver 
voltage to an electrostrictive actuator 8 and an electrostrictive actuator 9 respectively, and is 
performed by expanding and contracting these respectively. 

[0034] Although migration of such a direction of a x axis of the main table 5 and the direction of 
the y-axis is interlocked with respectively and said table 7 also moves in the direction of a x axis, 
and the direction of the y-axis In this case, the rigidity of said 1st cylindrical spring member 2 
constituted from a four springs member as mentioned above, and the 2nd cylindrical spring 
member 4 Since it becomes 4 times as large as the case where it constitutes from an one spring 
member shown in drawing 5 (c), the table device in which a variation rate with it can be obtained 
is realizable. [ the large and rigidity of the direction of a x axis and the direction of the y-axis and 
] [ big ] 

[0035] On the other hand, impress driver voltage to said electrostrictive actuator 6 which 
connects said main table 5 and table 7 about migration in the direction of the z-axis of a table 7, 
it is made to expand and contract, and, thereby, the variation rate of the table 7 is carried out in 
the direction of the z-axis to the main table 5. 

[0036] In the table device of the gestalt of this operation moreover, a table 7 The initial valve 
position X0 as shown in drawing 2 to the main table 5, Y0 X(location in condition of not 
impressing driver voltage to electrostrictive actuator 8 and electrostrictive actuator 9) 0, and Y0 
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Although respectively displaced in the direction of a x axis, and the direction of the y-axis as 
criteria this initial valve position XO and YO A setup is related to the flexible condition of an 
electrostrictive actuator 8 and an electrostrictive actuator 9, and can be set as versatility. For 
example, it is possible to make the location corresponding to one half of the total amounts of 
telescopic motion of the electrostrictive actuator 8 for the drive of the direction of a x axis into an 
initial valve position, and to also make the variation rate of the table 7 carry out in the direction 
of a plus x axis and the direction of a minus x axis from an initial valve position on the basis of 
this. [0037 with the same said of the displacement to the direction of the plus y-axis and the 
direction of the minus y-axis from the initial valve position of a table 7] Furthermore, using the 
table device of the gestalt of this operation, when carrying out the variation rate of the table 7 in 
the direction of a x axis, it sets. Since standing ways 1 and the subtable 3 were connected by the 
1st cylindrical spring member 4, the subtable 3 and the main table 5 were connected by the 2nd 
cylindrical spring member 4 and the main table 5 and the table 7 are connected by the 
electrostrictive actuator 6 Compared with the case where a table 7 is simply supported through 
supporter material (cylindrical spring member) on standing ways 1, the subduction at the time of 
displacement of a table 7 can also be prevented. 

[0038] That is, when supporting a table 7 through supporter material on standing ways 1 simply 
and making the variation rate of the table 7 carry out in the XY direction, supporter material will 
be crooked according to the force of joining supporter material, and subduction will arise on a 
table 7. On the other hand, since according to the table device of the gestalt of this operation the 
1st and 2nd cylindrical spring member 2 and 4 is crooked in connection with the variation rate of 
said main table 5 and spacing between the part main table 5 and subtable 3 contracts, the 
subduction at the time of displacement of a table 7 can be prevented as a result. 
[0039] In addition, the configuration which arranges elastic bodies (coil spring etc.) to the 
opposite side in said electrostrictive actuator 8, the displacement actuation to the direction of a x 
axis of the main table 5 is regulated, or arranges an electrostrictive actuator 8 and the same 
electrostrictive actuator similarly, and controls the displacement actuation to the direction of a x 
axis of the main table 5 to said main table 5 is also possible. It is the same also about the 
displacement actuation to the direction of the y-axis of the main table 5. 
[0040] According to this invention, the following configurations can be written in addition. 
(1) Standing ways and the subtable connected through the 1st cylindrical spring member to these 
standing ways, The main table connected through the 2nd cylindrical spring member to this 
subtable, The table connected through the displacement component which can be displaced 
perpendicularly to this main table, The table device characterized by providing two or more 
displacement components which the other end contacts [ components ] to said main table while 
an end is fixed to said standing ways, and move a table in each direction of a two-dimensional 
flat surface through said main table. According to this configuration, the exact large and 
variation rate to each direction of the two-dimensional flat surface of the table interlocked with 
the main table can be obtained. 

[0041] the table device of an additional remark (1) - setting - said 1st and 2nd cylindrical spring 
members — two or more cylindrical springs - one spring member - constituting --****-- the 
center position of the each aforementioned main table and said subtable to the equal distance - 
and the table device characterized by being arranged in the regular-intervals location. It can be 
made to move according to this configuration, without making said main table and table incline 
in each direction of a two-dimensional flat surface. 
[0042] 



THIS PAGE BLANK (usptq) 



[Effect of the Invention] According to invention according to claim 1 , the table device in which a 
variation rate with it is obtained can be offered. [ the large and rigidity about the variation rate of 
a two-dimensional flat surface and ] [ big ] 

[0043] According to invention according to claim 2, the table device in which an exact variation 
rate with possible tooth-space-izing to exclude and the large and rigidity of each direction about 
the variation rate of the two-dimensional flat surface of the table interlocked with the main table 
can be obtained can be offered. 

[0044] According to invention according to claim 3, the table device to which it can be made to 
move, without making said main table and table incline in each direction of a two-dimensional 
flat surface can be offered. 
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